Abstract

26
In many animals, mate choice is important for the maintenance of reproductive isolation 27 between species. Traits important for mate choice and behavioural isolation are predicted to 28 be under strong stabilising selection within species, however such traits can also exhibit 29 variation at the population level driven by neutral and adaptive evolutionary processes. Here, 30 we describe patterns of divergence among androconial and genital chemical profiles at inter- 31 and intra-specific levels in mimetic Heliconius butterflies. Most variation in chemical 32 bouquets was found between species, but there were also quantitative differences at the 33 population level. We found a strong correlation between interspecific chemical and genetic 34 divergence, however, this correlation varied in intraspecific comparisons. We identified 35 'indicator' compounds characteristic of particular species that included known biologically 36 active compounds, suggesting an approach for identification of candidate compounds for 37 future behavioural studies in novel systems. Overall, the strong signal of species identity 38 suggests a role for these compounds in species recognition, but with additional potentially strong species-specific differences (Gerhardt, 1982) , and typically should be subject to 59 stabilising selection which can act to decrease intraspecific phenotypic variation (Butlin, variation both within and between populations of the same species, either due to genetic drift melpomene respond to both con-and heterospecific androconial chemical bouquets ( (250°C injector temperature) with helium as the carrier gas (constant flow of 1.2 ml/min).
158
The temperature programme started at 50°C, was held for 5 minutes, and then rose at a rate of 159 5°C/minute to 320°C, before being held at 320°C for 5 minutes. Components were identified 160 by comparison of mass spectra and gas chromatographic retention index with those of 161 authentic reference samples and also by analysis of mass spectra. Components were 162 quantified using 2-tetradecyl acetate as an internal standard. Only compounds eluting earlier 163 than hexacosane were analysed in androconial samples, and those earlier than nonacosane in 164 genital samples (Darragh et al. 2017 ). We removed compounds that were not found in at least 165 half of all individuals from a given population. 
Statistical analyses
182
Inter-and intra-specific indicator compounds 183 We carried out indicator analysis using the indicspecies package (Cáceres & (Table   209   S3 ). We followed these PERMANOVA tests with post hoc pair-wise testing using the One issue with distance-based analyses such as PERMANOVA is that differences in 217 dispersion between groups can be confounded with differences in location (Warton, Wright, 218 & Wang, 2012). To confirm these analyses and account for this issue, we implemented 219 multivariate generalised linear models using the function "ManyGLM" from the mvabund 220 package (Wang, Naumann, Wright, & Warton, 2012). We modelled the data using a negative 221 binomial distribution, which we found to be appropriate through examination of residual 222 plots. For interspecific analyses we included species, region, and locality nested within region 223 in the model. For intraspecific analyses we included region and locality nested within region.
224
The "ManyGLM" function fits models to each chemical compound, summing the test 225 statistics to give a multivariate test statistic known as Sum-of-LR. This statistic can be tested 226 for significance using resampling methods. We carried out backwards elimination and 227 compared the fit of models by using the "anova.manyglm" function with a likelihood ratio 228 test (Table S4 ). We can also determine which compounds are driving between-group 229 differences by looking at the individual contribution of each compound to the Sum-of-LR, 230 with p-values adjusted for multiple testing using the "adjust" option. Genomic and chemical distance within species 239 We calculated intraspecific genetic distances using genome sequences from 11 H. (Table S2) these terms in the models. 253 All statistical analyses were performed with R version 3.5.1 (R Core Team, 2018).
254
Figures were made using a palette of colours optimized for colour-blindness (Wong, 2011 group by species for both androconial and genital chemical bouquets (Fig. 3) We also wanted to determine the sources of variation within species using our broad 373 sampling of populations across the ranges of H. erato and H. melpomene. For H. erato there 374 was a strong grouping of individuals by region (Fig. 4) p<0.001).We confirmed these results using ManyGLM (Table S17) . 422 We found similar trends for genital bouquets (Fig. 6) F2,88=5.10, p<0.001).We confirmed these results using ManyGLM (Table S18) Bicyclus anynana is reported to be as large as differences between Bicyclus species, and is 508 greater than predicted by genetic divergence (Bacquet et al., 2016) . This is in contrast to what 509 we find here, where interspecific differences are much greater than intraspecific ones. (Eltringham, 1925 
